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This invention relates fo a group of new chem- action of an aldehyde or ketone on a thiophene- 
ical comloounds, namely, the thienyl mercalotols thiol in the loesence of anhydrous hydrogen chlo- 
and thienyl marcalotals. More sloeciflcally, the ride or similar condensation catalyst. Under 
loresent invention is directed to an imlorovement such conditions, the hydrogen of the mercaloto 
of viscous mineral oil fractions by incorlooration 5 groulo in the thiolohenethiol reacts with oxygen 
therein of a small loroloortion, suiïicient to im- of the carbonyl-con.taining aldehyde or ketone 
lrove the loroloerties thereof, of one or more of emloloyed fo slolit out water and to yield the 
the aforesatd comloounds, sired thienyl mercalotal or thienyl mercalotol. 
As is well known to those familiar wtth the In general, the temloerature af which the above 
art, substantially all of the numerous fractions 10 reactton is carried out will be between about 0 ° C. 
obtained from mineral oils and reflned for their and about 100 ° C. and loreferably between about 
various uses are suscelotible to oxidation. The 0 ° C. and about 30 ° C. It will be understood that 
suscelotibility of an oil fraction to oxidation and the loarticular conditions of temloerature em- 
. the manner in which oxidation manifests itself loloyed will deloend in loart on the nature of the 
within the oil vary with the tYloe and degree of 1 aldehyde or ketone reactant used. The thio- 
reflnement to which the oil has been subjected lohenethiol reactant above-mentioned may be 
and with the conditions under which it is used loreloared by any one of numerous lorocedures 
or tested; that is, the loroducts formed in an oil heretofore described in the literature. Thus, 
fraction as a result of oxidation and the legree to 3-thiolohenethiol may be loroduced by the lorocess 
which they are formed deloend on the extent to 20 described in Chem. Inds. 60, 593-5, 620 (1947) 
which the various unstable constftuents, or con- and 2-thiolohenethiol by the lorocedure described 
stituents which may act as oxidation catalysts, in Ber. Dtsch. Chem. Ges. 19, 1615 (1886) or 
have been removed by refining oloerations and in Ber. Dtsch. Chem. Ges. 20, 1756 (1887). 
also uloon the conditions of use. Any of the commonly emloloyed catalystsuseful 
The loresent invention is loredicatel uloon the 2 in effecting reaction between a mercalotan and an 
discovery that a new groulo of chemical com- aldehyde or ketone are contemlolated for use in 
loounds, the thienyl mercalotals and mercalotols, loromoting the reaction of thiolohenethiol with 
greatly imlorove the oxidation characteristics of an aldehyde or keton.e. Thus, while the above 
mineral oil fractions by the incorlooratfon there- mentioned anhydrous hydrogen chloride is loref 
in of mtnor loroloortion of thee comloounds. t 30 erably used as the condensation catalyst herein, 
has been f0und that by the addition of a thienYl various other materials such as calcium Chloride, 
mercalotal or thienyl mercalotol to a visc0us min- boron trifluoride, zinc chloride, ferric chlortde, 
eral oil fraction, the develoloment of undesirable ammonium chloride, and the like, may be used. 
loroducts and loroloertie, such as acid, sludge, The above described reactions will usually 
discoloration, and corrosiveness toward alloy- 3 be carried out with a molar ratio of thiolohene- 
bearing metals normally encountered under con- thiol t0 aldehyde or ketone of about 2:1 in order 
ditions of use has been ubstantially inhibited, to obtain the desired thieryl mercalotal or thienyl 
The comloounds of this invention may be desig- mercalotol. 
nated by the general formula: The nature of the alkyl, aryl, aralkyl, or hete- 
1 40 ocyclic groul or groulos loresent in the thienyl 
i .s----s mercaloals an6 .mercalools 6escribe6 herein ma 
 \s/ !  - \s/ be either saturated!or unsaturated and may con- 
tain various substituents such as.those intro- 
wherë RI represents an alkyl, aryl, aralkyl, heter- duced by halogenaton, nitration, alkylation, 
ocyclic group or a hydrogen atom and R repre- 4 sulfonation, and the like. The alkyl or aralkyl 
sents an alkyl, aryl, aralkyl, or heterocyclic group. roups may be either straight chained, branch 
Thus, the above compounds include the thienyl chained, monocyclic or polycyclic, and may con- 
mercaptols and thienyl mercaptalæ, tain one or more aromatic groups. Representa- 
The thienyl mercaptols and mercaptals de- rive of the alkyl, aralkyl, aryl, and heterocyclic 
scribed above may suitably be prepared by the 50 thienyl mercaptals and mercaptols of this in- 



60088 

3 
vention, are those produced upon reacting thio- 
phenethiol with aldehydes, such as acetalde- 
hyde, benzaldehyde, furfural, thlophene alde- 
hyde, crotonaldehyde, cinnamaldehyde, sallcyl- 
aldehyde, chloral, aldol, acrolein, etc., or those 
produced upon reacting thiophenethlol with 
ketones, such as benzophenone, acetone, aceto- 
thienone, acetophenone, methyl ethyl ketone, 
methyl vinyl ketone, diacetone alcohol, etc. This 
list, of course, is net te be construed as limiting 
since-t.e pr9%et .ipention c0t.mp_lates .t_he 
use of a, lk-yï, .aryl, ars2kyl, and heterecyclic alde- 
hydes or ketones generally as reactants te syn- 
thesize the compounds of this invention. Those 
skilled in the art will readity .re¢ogi:z_e-v-.ar_ i.ous 
other aldehydes or ketonëshii"ïy be-ëm- 
ployed according te the aboeudescribed 
dure in preparing the compounds f .this lnvem_ 
tion, 
The thiophenethiol rea.ctn.t :.e_.p.19.y.9! 
thesizing the compounds of-4_v_ef_i_n 
either a 2-thiophenethiol or a B-hiolten.ehl¢l 
and may contain one or more substitu.etgr0B.PS, 
such as alkyl, alkoxy, halogen, nitre, or acyt 
grou_ps. 
T-ho prepsration of the compeunds of the pres- 
en-t invention m.sy be illustrated by the -foll0wing 
.êxaples, which are giron 'by wy of illustration 
nd net intended te bea .limitation on the-scoe 
of the .invention, 
XA. MPLE ! 
Preparaio_o$ bu.yralclehycle, cli-_-thenyl 
T,o -hundred. ,thiry.,-tw,o g:rams (2m0!_) .o.f ..3- 
thiophenethiot and .7-2 gzam.s ('! .m.o!) o_f hu.tyr_l- 
dehyde ,w.eze mixed. 3pon ..mix.,ing» t.h.Ç 
urë .rose te :about /5 .(. The .mi.x-.tu.ro, o.f-Teu.9t- 
ants ,.was cooled te ,a temp, erature ..of ; 
an ice bath, a-nd .amhydrous-hydr, ogen 
was -then bubbled into th_e mixtu,re :for  -l_e_r.._iod 
of ,2 hours. At the end of this t}me, th.e 
of hydzogen chloride ,was stopp.ed ,and :th¢ 
tion .mixture ,.was .ceoled overnight. Th 
tion product se obtained .as ,then .poured 4:n.to 
ice -water, .washed with water, dred ,over anhy- 
drou .mgnesium sulfate and distiKed In_er r_e- 
duced pressure. On.e hundrad .sl.xçylïYe g:rams 
 (58 per cent .yield) of :'burIdehd, 8.h-ipDyl 
mercaptal were .distilled fr.om .the reatlo.. 
ure ai a temperature of ï.8î° C. u._r 
llmeters pessúr. The srlï.ur .a_nysis 0.f 
compound ,vas 44A .per cent, thp h.e-orpiçal 
fur cont.ent oeing 46 per ..cent..This cp..m.- 
Pr.e..p.arai.on o/_aceone_, gi-3'-h{enyt 
mercaPtol 
Tw0 hund,ed .thirty-.-tw.o gam.s ,(.2 mo.les) ..of 
thiophenethiol and 58 grams (1 mole) 
wer, e mxed. Anhyçlrous .hy..dr_pgen. ch!p.rid_e ,was 
p..ase_d .l.n%o -the mi_'.xt. ,ure .Qf _r_Ç, uc.t.,unt. 
:..tu.ra,t,ed .w.th :.h_y.q.gen .ch!.or,i.d_e.. Tb.e r.e.suJt- 
.'m..g mi,_'_x_tnre .vs ,cool_ed ove, rn.igh..t .n_ .rb.en 
W..as.hed xvith c.old .wate_r, ,.d,ie 9yer nh, y_dr9.us 
.mag.nes_ium .sulf, a,te, and di, stile9 _,un¢r 
pr.essure. T.w» huDdred .thi.rty-t..13r_e_e .g.r.m.._s (84 
pe.r cent yield) -oï acetone, .d.i-3-.th.e.Dy_l me.ro._ptol 
perat.ure of !,48-.1.3 ° .C.. _u_.der one _mll_im_e.tçr 
]re_s.spre. The sulfur analysis of this cop3po.und 
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being 47.06 per cent. This compound is herè- 
inafter referred te as compound II. 
EXAMPLE III 
5 Preparaion oJ benzalgehyde, di-3-hieny 
mercap$al 
Three hundred forty-eight grams (3 moles) of 
3-thiophenethiol were added te 159 grams (1.5 
10 moles) of benzaldehyde. The mixture was cooled 
:in n :ice'bth t-o a terfier.aure ,f  C. Anhy- 
drous h.ydroge chloride ,was -thon bbbled into 
the mixture at a temperature of 10 ° C. for a 
.riod of 2 hours. At the end of this rime, the 
45 aoEin-of :h.d-ogn chloride was stopped and 
- thë reati0nmixd.re was cooled overnight. The 
:roaction .p,r.oduct o obtained was washed well 
-w_" la:icev.a.te o:remove hydrogen chloride, dried 
over anhydrous magnesium sulfate and topped te 
20 -:per.tre.Pf le0 ° C. under a pressure of one 
. :millimeteL Thra¢ hundred flfty-two grams (73 
:per cent :yield') .of benzaldehyde, di-3-thienyl 
eç.aptal were obtained as a residue. The sul- 
fur analysis of this compound was 39.05 per cent, 
25 the_theoretical sulfur c,ontent being 40.0.per cent. 
This compound is hereinafter referred te as com- 
p0un.d I. 
.EXA_tVrPLE "IV 
30 prepara$.o o! .benz.oph.enone, 
Th_.r_ee hdred sixy-flve gram.s .(.2-.mves) of 
benz op..henne and 4op çc. Of .xy_le.ne wer_e mixed 
35 .an.d do.oled .te a-t.em_pe_r.atu.re of 10  C..Four hu.n- 
d.red six_y-f.oúr gram_s .(4 mó.les) of 3-thiph.ene- 
hiol w.er.e.adde t0 he Tn.ixture. 2nhydroushy- 
drogen ch.loride wa th. en-pa.ssed through the r_e- 
sul£ing mfixture for  Period of .2 ho_u, rs. The 
40 _¢acf6n mixture:w tterea.fte_r maintained ._in 
c0l .place .oyernight. Six _lundred thirty g.rams 
(80 per c¢_nt ield) ofbenzophenoe, di-3thienF] 
._me_rcap_to_l w_er9 fomed as a solid This mate- 
i.a.! wa e-_crFstllized several rimes from .cyclo- 
45 he_xane p .y!eld white crstals having a metting 
pp_ipt qf 1.5.2 ° C.- The sulfur analysis of this c,om- 
P.on was 3_2.1_6 pe_r cent thet, eo.reticl sulfur 
content being 322_5 por çent. Thisçompound is 
her.e_i.a.ftÇr .ro.feT_-r_d .te as .,o_mloU 
5o EXAMPLE V 
B.P.ar.a. .. .n. _o/.hp.¢r.oinnamalIryge, 
55 .S_.ty-_s¢ye_n.g.rm_s (- _m_l_e) ,o:fhyçl_r.oci_npamM - 
t_h._ix_.tTe v<a.s _cp_oe te a te_m.po.rature of 0 ° 
C. Qne :n_dTed .fp.rty:flve gr.ams (1« 
ç.f 3-thippheet!ai.ol were Çd.deç te the c,o.o:ledsolu- 
60 .t.io.n, .hyT,OS bydr.oge_n _c_lori.di was ten 
bubbled t0 he r_esulting rnj:tre for a prlod of 
2 hpuçs, _At t.h.e en.d of rhin. tme, £he ç!.ditlon of 
hydrogen chloride W stopped nd the reaçtlon 
mixture was cooled p.vernight The reaction 
65 product was wash_ed w_e!l wih water te remove 
hydrogen chl.orid.e, dred over anhydrous cal- 
cium sulfate and topped te a teperature of 100 ° 
C..under .a procure _of .one milimeter, one hun, 
dred w_enty-one grams (69.5 per cent yie!.d) of 
70 hydrocinamat.de.hFde, di-3-thienyl mercaptal 
wer.e .obta.ined as a residue. The sulfur analysis 
of this compou.nd was 34.96 per cent, the the0reti- 
cal sulfur content be.ing 36.78 per cet. This 
c-omp.und !s e_reina_fter referred teas cern- 
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Preara$ion o] ].ur]uraldehyde, 
mercaptal 
Two hundred thirty-two grains (2 moles) of 
flaiophenethi0! and 76 grains (1 mole) of fur- 
furaldehyde were placed in a flask maintained 
af a temperature of 8 ° C. Anhydrous hydrogen 
chloride wasbubbled into this mixture for a 
rlod of 35 minutes. The reaction product re- 
sulting was washed with ice water, dried over 
anhydrous magnesium sulfate and topped to a 
temperature of 100 ° C. under a pressure of one 
millimeter. Furîuraldehyde, di-3-thienyl mer- 
capta] was obtained as a residue in 80 per cent 
yteld. The sulfur analysis of this compound was 
41.3 per cent, the theoretical sulfurcontent 
ing 41.3 per cent. This compound is hereinafter 
refërred t0 as compound VI. 

EXA1VIPLE VII 

the amount of corrosion that has taken place. 
A sample of the off containing a stabilizing com- 
pound of this invention was run at the same rime 
as a sample of the straight oil and the loss in 
5 weight of the bearing section in the inhtbited 
can thus be compared directly wlth the loss in 
the uninhibited oil. The results obtained in this 
test employing minor proportions of the above 
described compounds as inhibitors are set forth 
10 in the following table: 

15 

2O 

Compound Added 

VII .............................. = ....... 

tratton 
in Per 
Cent 

0 
1.0 
0.5 
O. 1 
O. 1 
O. 1 
O. 1 
O. 1 

Mg. Loss 
in Weight 

0 
0 
6 
0 
0 
0 

Preparation o! acetothienone, di--thienyl 
mercaptol 
Three hundred seventy-eight grains (3 moles) 25 
of acetothienone and 696 grains (6 moles) of 3- 
thiophenethiol were placed in a flask maintained 
at a temperature oî 10 ° C. Anhydrous hydrogen 
chlortde was bubbled into the mixture for a pe- 
riod of 2 hours and the flask was thereafter placed 3O 
in a refrigerator overnight. Elght hundred 
forty-nine grains (79 per cent yield) of aceto- 
thienone, dt-3-thienyl mercaptol were obtained 
as a solid in the flask. This product was re- 
crstallized from cyclohexane several rimes fo 35 
yield crystals having a melting point of 85-86 ° 
C. The sulfur analysis of this compound was 
47.05 per cent, the theoretical sulîur content be- 
ing 4"/.06 per cent. This compound is herein- 
after referred fo as compound VIL 4O 
The dithienyl mercaptals and mercaptols of 
this invention are contemplated for use as inter- 
mediates inthe preparation of pharmaceuticals, 
insecticides, and in the synthesis of other chemi- 
cal compounds. They bave been round to be 45 
particularly valuable, however, as additives in 
the stabilization of petroleum oil fractious in in- 
hibiting the development of those undesirable 
products and properties, such as acid, sludge, dis- 
coloration, and corrosiveness, toward alloy-bear- 0 
ing metals normally encountered under condi- 
tions of use. Thus, it is well known that motor 
olls, especially those reflned by certain solvent 
extraction methods, tend to oxidize when sub- 
mittedto high temperatures and fo form prod- 5 
ucts that are corrosive to metal bearings. This 
corrosive action may be quite severe with certain 
bearings, such as those having the corrosion sus- 
ceptibflity of cadmium-silver alloys, and may 
cause their failure within a comparatively short 60 
rime. The following test was used fo determine 
the corrosive action of a motor oil on an auto- 
mobile rod bearing. 
The mil used consisted of Pennsylvania neu- 
tral and residuum stocks separately reflned by 65 
meaus of chlorex and then blended to give an 
S. A.E. 20:ïotor oil with a speciflc gravity of 
0.8"/2, a flash point of 435 ° F. and a Saybolt 
IYniversal vtscosity of about 318 seconds at 100 ° F. 
The oil was tested by adding about a 6-grain 70 
section of a bearing containing a cadmium-sflver 
alloy surface and heating it fo 175 ° C. for 22 
hours while a stream of air was bubbled against 
the surface of the bearing. The loss in weight 
of the bearing during this treatment measures 75 

A second test, to which an off containing a 
minor proportion of the compounds of this in- 
vention was subjected, consisted essentially of 
passing oxygen through a sample of a highly re- 
flned oil which had been prepared by treating a 
petroleum distillate with 40 pounds of 98 per 
cent sulfuric acid and 180 pounds of 103 per 
cent oleum per barrel of distillate, followed by a 
clay percolation. The oil so treated had a speciflc 
gravity of 0.8"/1, a flash point oî 310 ° F. and a vis- 
cosity (S. U. V.) of 69 seconds at 100 ° F. Oxygen 
was bubbled through a 150-grain sample of the 
above oil at a rate of 2' liters per hour for a 
riod of 70 hours, at a temperature of 120 ° C. The 
neutralization number of the oil was measured at 
the end of the test by titration with alcoholic pot- 
ash. In this test, the base oil containing no 
additive developed a neutralization number of 
about 18. The following data indicate that the 
compounds of this invention are effective in 
hibiting the development of acidity in a mineral 
oil when the saine is subjected to oxidation con- 
ditions, as evidenced by the comparatively low 
neutralization nurnber of such oils af the complë- 
tion of the above test. In each of the ofls tested, 
0.1 per cent by weight of a compound oî this 
invention was incorporated therein. 

Neutral- 
Compound Added ization 
Numlmr 

iTOZI8 .................................................... 
Vll ...................................................... 

18 
0. 04 
0. 04 
0.04 
0.0 
0.24 
0.04 
0. 07 

t"rom the foregoing test results, ii will be evi- 
dent that thienyl mercaptals and mercaptols of 
this invention are effective stabilizing agents for 
petroleum lubricating oil fractious. The quan- 
tity of compound employed as stabilizer to 
hibit the undesirable effects oî oxidation in the oil 
may be varied, depending upon the character of 
the oil and the severity of the conditions to which 
if is exposed. Ordinarily, the compositions will 
be added to mineral oil fractions in an amount 
ranging from about 0.1 per cent to about 5 per 
cent, but may be added in amounts up to 10 
percent by weight in some instances. An addi- 
tional illustration of the effectiveness of the 
above stated minor proportions of thienyl mer- 



 ¢pt.nd m¢capt0ls;inintn'biting Jae t¢nd¢ncy 
f- o  coode .mel ben le eho by 
e foog oemparatve st.res.in-wch a 
] off and. n. I ning mur por- 
on of the compo o this In,en,on were 
d  a un engins . In thts test, 
a. sgle cyltnder uson enge-was run a a 
.uf 1825 R. P. . with an off temperaure 
of:  P. and a jacket temperature of 12  . 
The off used was an S 20 mor 0il havg a 
ktnetic viostty of 8.6 at 210  F. The 
neutraation number and e percenge vis- 
c0sit tncrea of the o and oil blends and the 
extt of coosion as measured by the loss in 
weight of the copper-lead beaings were det- 
mtned at 100 hours. The resul are oet forth 
! the tble below: 
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falling within the scope of the above disclosed 
general formula may .similarly be employed as 
additives in lmproving the properties, of vicuus 
mineral off fractions normally subject fo de- 
5 terioration under oxidizing conditions. 
This application is a division of copending 
application Serial 1o. 788,330, flled lovember 
26, 1947, now U. S. 2,480,831 issued September 
6, 1949. 
l0 I claim: 
1. As a new composition of marrer, the com- 
pound having the generul formula: 
RI 
wheze RI is.a substituent selecLed «rom thegoup 
consisting- of hydrogen and a methyl group; and 
12 is a substituent selected£rom:the group con- 
sisting of methyl, propyl, phenyl, phenethyl, 
furyl, and thienyl groups. 
2. As a new composition of marrer, butyralde- 
hyde, di-3-thienyl mercptal. 
3. As a new composition of matter, acetone, di- 
3-thienyl mercaptol. 
4. As a new composition of marrer, benzalde- 
hyde, di-3-thienyl mercaptal. 
5. AS a new composition of marrer, benzo- 
phenone, di-3-thienyl mercaptol. 
30 6. AS a new composition of marrer, aceto- 
thienone, di-3-thienyk mercaptol. 
JOHN W. BROIr 
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Compotlnl .Adled 

6ne ........................ 
Acetone, di-3-thienyl mer- 
aptol ...................... 
ButrMdehyde, di-3-thienyl 
mrcaptol .................. 
Benzophenone, di-3-thienyl 
mercptol .................. 

Results af end of i00 hours 
.Per  20 
Cent Bearing Per Cent 
Conc. wt.  loss Vis. N. N, 
(g.) Increase 
...... 0 50 3s 4.7 
 O. 176 
25 
25 3.4 
1 I 0:091 36 3.8 
0. t 0.16 1 

 AYerage we[ght loss of top and b0tt0m ]/ bearings, 
I wfll be-observed ïrom the foregoing examples 
and the results set ïorth that the thienyl mer- 
captals and mercaptols of this invention are uni- 
formly effective in inhibiting the deleterious 
effects of oxidation on viscous mineral oil fac- 
tions whieh bave been subected fo the various 
methods of reflning, treatment currently used. 
In other words, these compounds are effective 
 as inhibitors in highly refined oils, moderately 
reflned oils, and solvent refined ofls. 
Iç is fo be understood that the examples, 
procedures and off compositions described above 
are illustrative only and are hot to be construed 
as limiting the scope of this invention thereto. 
Thus, in addition fo the specific compounds set 
forth, other thienyl mercaptals or mercaptols 



